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(54) EXPOSURE APPARATUS AND METHOD FOR MANUFACTURING DEVICE 



(57) An exposure apparatus exposes a substrate P 
by locally filling a side of an image plane of a projection 
optical system PL with a liquid 50 and projecting an im- 
age of a pattern onto the substrate P through the liquid 
50 and the projection optical system PL. The exposure 
apparatus includes a recovery unit 20 which recovers 



the liquid 50 outflowed to the outside of the substrate P. 
When the exposure process is performed in accordance 
with the liquid immersion method, the pattern can be 
transferred accurately while suppressing any environ- 
mental change even when the liquid outflows to the out- 
side of the substrate. 



Fig, 6 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to an exposure 
apparatus for performing the exposure with an image of 
a pattern projected by a projection optical system in a 
state in which a space on a side of an image plane of 
the projection optical system is locally filled with a liquid. 
The present invention also relates to a method for pro- 
ducing a device by using the exposure apparatus. 

BACKGROUND ART 

[0002] Semiconductor devices and liquid crystal dis- 
play devices are produced with the so-called photoli- 
thography technique in which a pattern formed on a 
mask is transferred onto a photosensitive substrate. The 
exposure apparatus, which is used in the photolithogra- 
phy step, includes a mask stage for supporting the mask 
and a substrate stage for supporting the substrate. The 
pattern on the mask is transferred onto the substrate via 
a projection optical system while successively moving 
the mask stage and the substrate stage. In recent years, 
it is demanded to realize the higher resolution of the pro- 
jection optical system in order to respond to the further 
advance of the higher integration of the device pattern. 
As the exposure wavelength to be used is shorter, the 
resolution of the projection optical system becomes 
higher. As the numerical aperture of the projection opti- 
cal system is larger, the resolution of the projection op- 
tical system becomes higher. Therefore, the exposure 
wavelength, which is used for the exposure apparatus, 
is shortened year by year, and the numerical aperture 
of the projection optical system is increased as well. The 
exposure wavelength, which is dominantly used at 
present, is 248 nm of the KrF excimer laser. However, 
the exposure wavelength of 193 nm of the ArF excimer 
laser, which is shorter than the above, is also practically 
used in some situations. When the exposure is per- 
formed, the depth of focus (DOF) is also important in the 
same manner as the resolution. The resolution R and 
the depth of focus 8 are represented by the following 
expressions respectively. 

R^k^/NA (1) 

5 = ±k 2 -A./NA 2 (2) 

[0003] In the expressions, X represents the exposure 
wavelength, NA represents the numerical aperture of 
the projection optical system, and k 1 and k 2 represent 
the process coefficients. According to the expressions 
(1) and (2), the following fact is appreciated. That is, 
when the exposure wavelength X is shortened and the 



numerical aperture NA is increased in order to enhance 
the resolution R, then the depth of focus 8 is narrowed. 
[0004] if the depth of focus 5 is too narrowed, it is dif- 
ficult to match the substrate surface with respect to the 

5 image plane of the projection optical system. It is feared 
that the margin is insufficient during the exposure oper- 
ation. Accordingly, the liquid immersion method has 
been suggested, which is disclosed, for example, in In- 
ternational Publication No. 99/49504 as a method for 

10 substantially shortening the exposure wavelength and 
widening the depth of focus. In this liquid immersion 
method, the space between the lower surface of the pro- 
jection optical system and the substrate surface is filled 
with a liquid such as water or any organic solvent to uti- 

15 lize the fact that the wavelength of the exposure light 
beam in the liquid is 1/n as compared with that in the air 
(n represents the refractive index of the liquid, which is 
about 1 .2 to 1 .6 in ordinary cases) so that the resolution 
is improved and the depth of focus is magnified about n 

20 times. 

[0005] The conventional technique as described 
above involves the following problem. The conventional 
technique is constructed such that the space, which is 
disposed between the substrate (wafer) and the lower 

25 surface on the side of the image plane of the projection 
optical system, is locally filled with the liquid. When a 
shot area, which is positioned in the vicinity of the center 
of the substrate, is subjected to the exposure, the liquid 
does not outflow to the outside of the substrate. How- 

30 ever, as schematically shown in Fig. 14, when it is in- 
tended to expose an edge area E of the substrate P by 
moving the circumferential area (edge area) E of the 
substrate P to the projection area 100 of the projection 
optical system, the liquid outflows to the outside of the 

35 substrate P. If the outflowed liquid is left to stand, the 
environment (for example, humidity), in which the sub- 
strate P is placed, is consequently varied to cause, for 
example, the change of the refractive index on the op- 
tical path of the interferometer for measuring the posi- 

40 tion information about the substrate stage for holding the 
substrate P and/or on the optical path of the detecting 
light beam of each of various optical detecting devices. 
As a result, it is feared that any desired pattern transfer 
accuracy cannot be obtained. Further, an inconven- 

45 ience also arises, for example, such that any rust ap- 
pears due to the outflowed fluid on mechanical parts or 
the like arranged around the substrate stage for sup- 
porting the substrate P. It is also conceived that the liquid 
is prevented from any outflow by omitting the exposure 

50 for the edge area E of the substrate P. However, if the 
pattern is not formed by applying the exposure process 
to the edge area E as well, another problem arises as 
follows. That is, the substrate P as the wafer abuts 
against the polishing surface of the CMP apparatus in 

55 an unbalanced manner, for example, in the CMP (chem- 
ical mechanical polishing) process as the downstream 
step, and it is impossible to perform any satisfactory pol- 
ishing. Further, if the outflowed liquid makes inflow into 
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the tube of the vacuum system (suction system), it is 
also feared that the vacuum pump, which serves as the 
vacuum source, may be damaged or broken down. 

DISCLOSURE OF THE INVENTION 

[0006] The present invention has been made taking 
the foregoing circumstances into consideration, an ob- 
ject of which is to provide an exposure apparatus and 
an exposure method in which a pattern can be trans- 
ferred accurately when an exposure process is per- 
formed while filling a space between a projection optical 
system and a substrate with a liquid, and a method for 
producing a device in which the exposure apparatus is 
used. 

[0007] In order to achieve the object as described 
above, the present invention adopts the following con- 
structions corresponding to Figs. 1 to 13 as illustrated 
in embodiments. However, parenthesized numerals or 
symbols affixed to respective elements merely exempli- 
fy the elements by way of example, with which it is not 
intended to limit the respective elements. 
[0008] According to a first aspect of the present inven- 
tion, there is provided an exposure apparatus (EX) for 
exposing a substrate (P) by transferring an image of a 
pattern through a liquid (50) onto the substrate (P), com- 
prising: 

a projection optical system (PL) which projects the 
image of the pattern onto the substrate; and 
a recovery unit (20) which recovers the liquid out- 
flowed to outside of the substrate. 

[0009] According to the present invention, even when 
the liquid outflows to the outside of the substrate, then 
the outflowed liquid is recovered by the recovery unit 
without being left to stand. Therefore, the variation of 
the environment in which the substrate is placed is sup- 
pressed. Further, the occurrence of the inconvenience 
is also suppressed, which would be otherwise caused 
such that any rust or the like appears on mechanical 
parts disposed around the substrate stage for support- 
ing the substrate. Therefore, it is possible to accurately 
transfer the pattern to the substrate, and it is possible 
to produce a device having a high pattern accuracy. 
[0010] According to a second aspect of the present 
invention, there is provided an exposure apparatus (EX) 
for exposing a substrate by transferring an image of a 
pattern through a liquid (50) onto the substrate, com- 
prising: 

a projection optical system (PL) which projects the 
image of the pattern onto the substrate; 
a liquid supply mechanism (1) which supplies the 
liquid above the substrate; and 
a recovery unit (20) which recovers the liquid sup- 
plied from the liquid supply mechanism (1), 



wherein the recovery unit does not perform the re- 
covering above the substrate. 

[0011] According to the present invention, the liquid 
can be recovered (sucked) without performing the re- 

5 covery (suction) above the substrate (from above the 
substrate). Therefore, it is possible to avoid the occur- 
rence of the sound and the vibration during the exposure 
for the substrate. Further, the liquid, which outflows to 
the outside of the substrate, is recovered by the recov- 

10 ery unit. Therefore, it is possible to avoid the variation 
of the environment in which the substrate is placed and 
the occurrence of any rust or the like on mechanical 
parts. Therefore, it is possible to accurately form the pat- 
tern on the substrate, and it is possible to produce a de- 

15 vice having a high pattern accuracy. 

[0012] According to a third aspect of the present in- 
vention, there is provided an exposure apparatus (EX) 
for exposing a substrate (P) by transferring an image of 
a pattern through a liquid (50) onto the substrate (P), 

20 comprising: 

a projection optical system (PL) which projects the 
image of the pattern onto the substrate; 
a suction system (26, 28, 29, 30, 32, 33) which has 
25 a suction port (24); and 

a recovery unit (20) which recovers the liquid 
sucked through the suction port. 

[0013] According to the present invention, for exam- 
30 pie, even when the liquid outflows, and the liquid inflows 
into the suction port of the suction system, then the liquid 
is recovered, and the vacuum source, which serves as 
the source of the suction, is prevented from any inflow 
of the liquid. Therefore, even when the liquid immersion 
35 exposure is performed, the function of the suction sys- 
tem is guaranteed. It is possible to produce a device by 
reliably exposing the substrate with the highly accurate 
pattern. 

[0014] According to a fourth aspect of the present in- 
40 vention, there is provided an exposure apparatus for ex- 
posing a substrate (P) by transferring an image of a pat- 
tern through a liquid (50) onto the substrate (P), com- 
prising: 

45 a projection optical system (PL) which projects the 
image of the pattern onto the substrate; 
a substrate stage (PST) which holds the substrate; 
and 

a recovery unit (20) which recovers the liquid and 
so at least a part of which is provided on the substrate 
stage. The exposure apparatus of the present in- 
vention makes it possible to avoid the variation of 
the environment in which the substrate is placed 
and the occurrence of any rust or the like of me- 
55 chanical parts. 

[001 5] According to a fifth aspect of the present inven- 
tion, there is provided an exposure method for exposing 
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a substrate by transferring an image of a predetermined 
pattern onto the substrate with a projection optical sys- 
tem, comprising: 

supplying a liquid above the substrate to a space 5 
between the projection optical system and the sub- 
strate; 

recovering the supplied liquid from a position which 
is outside the substrate and which is lower than that 
of the substrate; and 1 ° 
exposing the substrate during a period in which the 
liquid is supplied and recovered. 

[0016] In the exposure method of the present inven- 
tion, the liquid is supplied above the substrate, and the is 
liquid is recovered below the position at which the sub- 
strate is held when the liquid immersion exposure is per- 
formed. 

Therefore, it is possible to effectively avoid the occur- 
rence of the sound and the vibration during the exposure 20 
of the substrate. 

[001 7] According to still another aspect of the present 
invention, there is provided a method for producing a 
device by using the exposure apparatus (EX) according 
to any one of the first to fourth aspects described above. 25 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] 

30 

Fig. 1 shows a schematic arrangement illustrating 
an embodiment of the exposure apparatus of the 
present invention. 

Fig. 2 shows a positional relationship among a tip 

of a projection optical system, a liquid supply unit, 35 

and a liquid recovery unit. 

Fig. 3 shows an exemplary arrangement of supply 
nozzles and recovery nozzles. 
Fig. 4 shows an exemplary arrangement of supply 
nozzles and recovery nozzles. 40 
Fig. 5 shows a perspective view illustrating an em- 
bodiment of a recovery unit. 
Fig. 6 shows a magnified sectional view illustrating 
major parts depicting the embodiment of the recov- 
ery unit. 45 
Fig. 7 shows a magnified sectional view illustrating 
major parts depicting another embodiment of a re- 
covery unit. 

Fig. 8 shows a perspective view illustrating still an- 
other embodiment of a recovery unit. 50 
Figs. 9(a) and 9(b) show schematic sectional views 
illustrating still another embodiment of a recovery 
unit. 

Figs. 10(a) and 10(b) show schematic sectional 
views illustrating still another embodiment of a re- 55 
covery unit. 

Fig. 11 shows another embodiment of the operation 
for recovering the liquid by using a recovery unit. 
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Fig. 12 shows still another embodiment of the op- 
eration for recovering the liquid by using a recovery 
unit. 

Fig. 13 shows a flow chart illustrating exemplary 
steps for producing a semiconductor device. 
Fig. 14 illustrates the problem involved in the con- 
ventional technique. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0019] An explanation will be made below about the 
exposure apparatus and the method for producing the 
device according to the present invention with reference 
to the drawings. However, the present invention is not 
limited thereto. Fig. 1 shows a schematic arrangement 
illustrating an embodiment of the exposure apparatus of 
the present invention. 

First Embodiment 

[0020] With reference to Fig. 1 , an exposure appara- 
tus EX includes a mask stage MST which supports a 
mask M, a substrate stage PST which supports a sub- 
strate P, an illumination optical system IL which illumi- 
nates, with an exposure light beam EL, the mask M sup- 
ported by the mask stage MST, a projection optical sys- 
tem PL which performs projection exposure for the sub- 
strate P supported by the substrate stage PST with an 
image of a pattern of the mask M illuminated with the 
exposure light beam EL, a liquid supply unit 1 which sup- 
plies a liquid 50 onto the substrate P, a recovery unit 20 
which recovers the liquid 50 outflowed to the outside of 
the substrate P, and a control unit CONT which collec- 
tively controls the overall operation of the exposure ap- 
paratus EX. 

[0021] The embodiment of the present invention will 
now be explained as exemplified by a case of the use 
of the scanning type exposure apparatus (so-called 
scanning stepper) as the exposure apparatus EX in 
which the substrate P is exposed with the pattern formed 
on the mask M while synchronously moving the mask 
M and the substrate P in mutually different directions 
(opposite directions) in the scanning directions. In the 
following explanation, the Z axis direction is the direction 
which is coincident with the optical axis AX of the pro- 
jection optical system PL, the X axis direction is the syn- 
chronous movement direction (scanning direction) for 
the mask M and the substrate P in the plane perpendic- 
ular to the Z axis direction, and the Y axis direction is 
the direction (non-scanning direction) perpendicular to 
the Z axis direction and the Y axis direction. The direc- 
tions about the X axis, the Y axis, and the Z axis are 
designated as GX, 9Y, and GZ directions respectively. 
The term "substrate" referred to herein includes those 
obtained by applying a resist on a semiconductor wafer, 
and the term "mask" includes a reticle formed with a de- 
vice pattern subjected to the reduction projection onto 
the substrate. 
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[0022] The illumination optical system IL is used so 
that the mask M, which is supported on the mask stage 
MST, is illuminated with the exposure light beam EL. The 
illumination optical system IL includes, for example, an 
exposure light source, an optical integrator which uni- 
formizes the illuminance of the light flux radiated from 
the exposure light source, a condenser lens which col- 
lects the exposure light beam EL supplied from the op- 
tical integrator, a relay lens system, and a variable field 
diaphragm which sets the illumination area on the mask 
M illuminated with the exposure light beam EL to be slit- 
shaped. The predetermined illumination area on the 
mask M is illuminated with the exposure light beam EL 
having a uniform illuminance distribution with the illumi- 
nation optical system IL. Those usable as the exposure 
light beam EL radiated from the illumination optical sys- 
tem IL include, for example, emission lines (g-ray, h-ray, 
i-ray) in the ultraviolet region radiated, for example, from 
a mercury lamp, far ultraviolet light beams (DUV light 
beams) such as the KrF excimer laser beam (wave- 
length: 248 nm), and vacuum ultraviolet light beams 
(VUV light beams) such as the ArF excimer laser beam 
(wavelength: 193 nm) and the F 2 laser beam (wave- 
length: 157 nm). In this embodiment, the ArF excimer 
laser beam is used. 

[0023] The mask stage MST supports the mask M. 
The mask stage MST is two-dimensionally movable in 
the plane perpendicular to the optical axis AX of the pro- 
jection optical system PL, i.e., in the XY plane, and it is 
finely rotatable in the 6Z direction. The mask stage MST 
is driven by a mask stage-driving unit MSTD such as a 
linear motor. The mask stage-driving unit MSTD is con- 
trolled by the control unit CONT. The position in the two- 
dimensional direction and the angle of rotation of the 
mask M on the mask stage MST are measured in real- 
time by a laser interferometer. The result of the meas- 
urement is outputted to the control unit CONT. The con- 
trol unit CONT drives the mask stage-driving unit MSTD 
on the basis of the result of the measurement obtained 
by the laser interferometer to thereby position the mask 
M supported on the mask stage MST. 
[0024] The projection optical system PL projects the 
pattern on the mask M onto the substrate P at a prede- 
termined projection magnification p to perform the ex- 
posure. The projection optical system PL includes a plu- 
rality of optical elements (lenses). The optical elements 
are supported by a barrel PK as a metal member. In this 
embodiment, the projection optical system PL is a re- 
duction system having the projection magnification p 
which is, for example, 1/4 or 1/5. The projection optical 
system PL may be any one of the 1x magnification sys- 
tem and the magnifying system. The optica! element 
(lens) 60 is exposed from the barrel PK on the side of 
the tip (on the side of the substrate P) of the projection 
optica! system PL of this embodiment. The optical ele- 
ment 60 is provided detachably (exchangeably) with re- 
spect to the barrel PK. 

[0025] The substrate stage PST supports the sub- 



strate P. The substrate stage PST includes a Z stage 51 
which holds the substrate P by the aid of a substrate 
holder, an XY stage 52 which supports the Z stage 51 , 
and a base 53 which supports the XY stage 52. The sub- 

5 strate stage PST is driven by a substrate stage-driving 
unit PSTD such as a linear motor. The substrate stage- 
driving unit PSTD is controlled by the control unit CONT. 
By driving the Z stage 51 , the substrate P, which is held 
on the Z stage 51 , is subjected to the control of the po- 

10 sition (focus position) in the Z axis direction and the po- 
sitions in the 9X and GY directions. By driving the XY 
stage 52, the substrate P is subjected to the control of 
the position in the XY directions (position in the direc- 
tions substantially parallel to the image plane of the pro- 
fs jection optical system PL). That is, the Z stage 51 con- 
trols the focus position and the angle of inclination of the 
substrate P so that the surface of the substrate P is ad- 
justed to match the image plane of the projection optical 
system PL in accordance with the autofocus system and 

20 the autoleveling system. The XY stage 52 positions the 
substrate P in the X axis direction and the Y axis direc- 
tion. It goes without saying that the Z stage and the XY 
stage may be provided as an integrated body. 
[0026] A movement mirror 54, which is movable to- 

25 gether with the substrate stage PST with respect to the 
projection optical system PL, is provided on the sub- 
strate stage PST (Z stage 51 ). A laser interferometer 55 
is provided at a position opposed to the movement mir- 
ror 54. The angle of rotation and the position in the two- 

30 dimensional direction of the substrate P on the substrate 
stage PST are measured in real-time by the laser inter- 
ferometer 55. The result of the measurement is output- 
ted to the control unit CONT. The control unit CONT 
drives the substrate stage-driving unit PSTD on the ba- 

35 sis of the result of the measurement of the laser inter- 
ferometer 55 to thereby position the substrate P sup- 
ported on the substrate stage PST. 
[0027] In this embodiment, the liquid immersion meth- 
od is applied in order that the resolution is improved by 

40 substantially shortening the exposure wavelength and 
the depth of focus is substantially widened. Therefore, 
the space between the surface of the substrate P and 
the tip surface (lower surface) 7 of the optical element 
(lens) 60 of the projection optical system PL on the side 

45 of the substrate P is filled with the predetermined liquid 
50 at least during the period in which the image of the 
pattern on the mask M is transferred onto the substrate 
P. As described above, the lens 60 is exposed on the tip 
side of the projection optical system PL, and the liquid 

50 50 is supplied to make contact with only the lens 60. 
Accordingly, the barrel PK composed of the metal is pre- 
vented from any corrosion or the like. Further, the tip 
surface 7 of the lens 60 is sufficiently smaller than the 
substrate P and the barrel PK of the projection optical 

55 system PL, so that the liquid 50 is allowed to make con- 
tact with only the lens 60 as described above. Therefore, 
the side of the image plane of the projection optical sys- 
tem PL is locally filled with the liquid 50. That is, the liquid 
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immersion portion, which is disposed between the pro- 
jection optical system PL and the substrate P, is suffi- 
ciently smaller than the substrate P. In this embodiment, 
pure water is used for the liquid 50. The exposure light 
beam EL, which is not limited to only the ArF excimer 
laser beam, can be transmitted through pure water, 
even when the exposure light beam EL is, for example, 
the emission line (g-ray, h-ray, i-ray) in the ultraviolet re- 
gion radiated, for example, from a mercury lamp or the 
far ultraviolet light beam (DUV light beam) such as the 
KrF excimer laser beam (wavelength: 248 nm). 
[0028] The exposure apparatus EX includes a liquid 
supply unit 1 which supplies the predetermined liquid 50 
to the space 56 between the substrate P and the tip sur- 
face (end surface of the lens 60) 7 of the projection op- 
tical system PL, and a liquid recovery unit 2 as a second 
recovery unit which recovers the liquid 50 from the 
space 56, i.e., the liquid 50 on the substrate P. The liquid 
supply unit 1 is provided to locally fill the side of the im- 
age plane of the projection optical system PL with the 
liquid 50. The liquid supply unit 1 includes, for example, 
a tank for accommodating the liquid 50, a pressurizing 
pump, and a temperature-adjusting unit for adjusting the 
temperature of the liquid 50 supplied to the space 56. 
One end of a supply tube 3 is connected to the liquid 
supply unit 1 . Supply nozzles 4 are connected to the oth- 
er end of the supply tube 3. The liquid supply unit 1 sup- 
plies the liquid 50 to the space 56 through the supply 
tube 3 and the supply nozzles 4. 

[0029] The liquid recovery unit 2 includes, for exam- 
ple, a suction pump, and a tank for accommodating the 
recovered liquid 50. One end of a recovery tube 6 is con- 
nected to the liquid recovery unit 2. Recovery nozzles 5 
are connected to the other end of the recovery tube 6. 
The liquid recovery unit 2 recovers the liquid 50 from the 
space 56 through the recovery nozzles 5 and the recov- 
ery tube 6. When the space 56 is filled with the liquid 50, 
then the control unit CONT drives the liquid supply unit 
1 so that the liquid 50, which is in a predetermined 
amount per unit time, is supplied to the space 56 through 
the supply tube 3 and the supply nozzles 4, and the con- 
trol unit CONT drives the liquid recovery unit 2 so that 
the liquid 50, which is in a predetermined amount per 
unit time, is recovered from the space 56 through the 
recovery nozzles 5 and the recovery tube 6. According- 
ly, the liquid 50 is retained in the space 56 between the 
substrate P and the tip surface 7 of the projection optical 
system PL, and thus the liquid immersion portion is 
formed. In this arrangement, the control unit CONT is 
capable of arbitrarily setting the liquid supply amount per 
unit time with respect to the space 56 by controlling the 
liquid supply unit 1. Further, the control unit CONT is 
capable of arbitrarily setting the liquid recovery amount 
per unit time from the substrate P by controlling the liquid 
recovery unit 2. 

[0030] Fig. 2 shows a partial magnified view of Fig. 1 
illustrating, for example, the lower portion of the projec- 
tion optical system PL of the exposure apparatus EX, 



the liquid supply unit 1 , and the liquid recovery unit 2. In 
Fig. 2, the lens 60, which is disposed at the lowest end 
of the projection optical system PL, is formed to have a 
rectangular shape which is long in the Y axis direction 

5 (non-scanning direction) except for only the portion re- 
quired for the end portion 60A in the scanning direction. 
During the scanning exposure, a pattern image of a part 
of the mask M is projected onto the rectangular projec- 
tion area disposed just under the end portion 60A. The 

10 mask M is moved at the velocity V in the -X direction (or 
in the +X direction) with respect to the projection optical 
system PL, in synchronization with which the substrate 
P is moved at the velocity p-V (P is the projection mag- 
nification) in the +X direction (or in the -X direction) by 

15 the aid of the XY stage 52. After the completion of the 
exposure for one shot area, the next shot area is moved 
. to the scanning start position in accordance with the 
stepping of the substrate P. The exposure process is 
successively performed thereafter for each of the shot 

20 areas in accordance with the step-and-scan system. 
This embodiment is designed so that the liquid 50 is al- 
lowed to flow in the movement direction of the substrate 
P along with the movement direction of the substrate P. 
[0031] Fig. 3 shows the positional relationship among 

25 the end portion 60A of the lens 60 of the projection op- 
tical system PL, the supply nozzles 4 (4A to 4C) for sup- 
plying the liquid 50 in the X axis direction, and the re- 
covery nozzles 5 (5A, 5B) for recovering the liquid 50. 
In Fig. 3, the end portion 60A of the lens 60 has a rec- 

30 tangular shape which is long in the Y axis direction. The 
three supply nozzles 4A to 4C are arranged on the side 
in the +X direction, and the two recovery nozzles 5A, 5B 
are arranged on the side in the -X direction so that the 
end portion 60A of the lens 60 of the projection optical 

35 system PL is interposed thereby. The supply nozzles 4A 
to 4C are connected to the liquid supply unit 1 through 
the supply tube 3, and the recovery nozzles 5A, 5B are 
connected to the liquid recovery unit 2 through the re- 
covery tube 4. Further, the supply nozzles 8A to 8C and 

.40 the recovery nozzles 9A, 9B are arranged at positions 
obtained by rotating, by substantially 1 80° , the positions 
of the supply nozzles 4A to 4C and the recovery nozzles 
5A, 5B about the center of the end portion 60A. The sup- 
ply nozzles 4A to 4C and the recovery nozzles 9A, 9B 

45 are alternately arranged in the Y axis direction. The sup- 
ply nozzles 8A to 8C and the recovery nozzles 5A, 5B 
are alternately arranged in the Y axis direction. The sup- 
ply nozzles 8A to 8C are connected to the liquid supply 
unit 1 through the supply tube 10. The recovery nozzles 

50 9A, 9B are connected to the liquid recovery unit 2 
through the recovery tube 11 . 

[0032] As shown in Fig. 4, the supply nozzles 13, 14 
and the recovery nozzles 15, 16 may be also provided 
on the both sides of the end portion 60A in the Y direction 
55 so that the end portion 60A is intervened between the 
supply nozzles 13, 14 and the recovery nozzles 15, 16. 
The supply nozzles and the recovery nozzles can be 
used to stably supply the liquid 50 to the space between 
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the projection optical system PL and the substrate P 
even during the movement of the substrate P in the non- 
scanning direction (Y axis direction) when the stepping 
movement is performed. 

[0033] The shape of the nozzle is not specifically lim- 
ited. For example, two pairs of the nozzles may be used 
to supply or recover the liquid 50 for the long side of the 
end portion 60A. In this arrangement, the supply nozzles 
and the recovery nozzles may arranged while being 
aligned vertically in order that the liquid 50 can be sup- 
plied and recovered in any one of the directions of the 
+X direction and the -X direction. 
[0034] Next, an explanation will be made with refer- 
ence to Figs. 5 and 6 about an embodiment of the re- 
covery unit 20 for recovering the liquid outflowed to the 
outside of the substrate P. Fig. 5 shows a perspective 
view illustrating the Z stage 51 (substrate stage PST), 
and Fig. 6 shows a magnified sectional view illustrating 
major parts. 

[0035] In Figs. 5 and 6, the recovery unit 20 is provid- 
ed with a liquid-absorbing member 21 which is arranged 
around the substrate P held by a holder 57 on the Z 
stage 51. The liquid-absorbing member 21 is an annular 
member having a predetermined width. The liquid-ab- 
sorbing member 21 is arranged in a groove 23 which is 
formed annularly on the Z stage 51 . A flow passage 22, 
which is continued to the groove 23, is formed in the Z 
stage 51. The bottom of the liquid-absorbing member 
21 arranged in the groove 23 is connected to the flow 
passage 22. The liquid-absorbing member 21 is com- 
posed of, for example, a porous material such as porous 
ceramics. Alternatively, sponge as a porous material 
may be used as a material for forming the liquid-absorb- 
ing member 21. The liquid-absorbing member 21 com- 
posed of the porous material is capable of retaining the 
liquid in a predetermined amount. 
[0036] An auxiliary plate 59 having a predetermined 
width, which surrounds the outer circumference of the 
substrate P, is provided between the liquid-absorbing 
member 21 and the substrate P held by the holder 57 
on the Z stage 51. The surface height of the auxiliary 
plate 59 is set to be approximately coincident with the 
surface height of the substrate P held by the holder 57 
of the Z stage 51 . The liquid 50 can be continuously re- 
tained between the substrate P and the lens 60 of the 
projection optical system PL by the aid of the auxiliary 
plate 59, even when the circumferential area (edge ar- 
ea) E of the substrate P is positioned under the lens 60 
of the projection optical system PL. The liquid-absorbing 
member 21 having the predetermined width, which is 
arranged to surround the outer circumference of the 
auxiliary plate 59, functions to absorb (recover) the liq- 
uid 50 which cannot be fully recovered by the liquid re- 
covery unit 2 as the second recovery unit and which out- 
flows to the outside of the auxiliary plate 59. 
[0037] The holder 57 has a plurality of projections 58 
provided to support the back surface of the substrate P 
in a circular recess which is formed to approximately the 



same size as that of the substrate P on the Z stage 51 . 
Attraction holes 24, which serve to attract and hold the 
substrate P, are provided for the projections 58 respec- 
tively. The respective attraction holes 24 are connected 

5 to a flow passage 25 which is formed in the Z stage 51 . 
A plurality of liquid recovery holes 46 are provided in the 
vicinity of the outermost circumference of the holder 57 
(circular recess). The liquid recovery holes 46 are con- 
nected to the flow passage 22 which is connected to the 

10 liquid-absorbing member 21 . Alternatively, another flow 
passage, which is different from the flow passage 22 
connected to the liquid-absorbing member 21 (groove 
23), may be provided to make connection to the liquid 
recovery holes 46. 

15 [0038] The flow passage 22, which is connected to the 
liquid-absorbing member 21 and the liquid recovery 
holes 46 respectively, is connected to one end of a tube 
passage 26 which is provided outside the Z stage 51 . 
On the other hand, the other end of the tube passage 

20 26 is connected to a pump 29 as a suction unit via a first 
tank 27 and a valve 28 provided outside the Z stage 51 . 
The flow passage 25, which is connected to the attrac- 
tion holes 24, is connected to one end of a tube passage 
30 which is provided outside the Z stage 51 . On the other 

25 hand, the other end of the tube passage 30 is connected 
to a pump 33 as a suction unit via a second tank 31 and 
a valve 32 provided outside the Z stage 51. The liquid, 
which outflows to the outside of the substrate P, is re- 
covered together with the surrounding gas (air) from the 

30 liquid-absorbing member 21 and the liquid recovery 
holes 46. The liquid, which leaks into the back surface 
side of the substrate P, is recovered together with the 
surrounding gas (air) from the attraction holes 24. The 
method for recovering the liquid as described above will 

35 be explained in detail later on. The liquid (water), which 
is recovered from the liquid-absorbing member 21, the 
liquid recovery holes 46, and the attraction holes 24, is 
separated from the gas (air), and the liquid is temporarily 
accumulated in the first tank 27 and the second tank 31 

40 respectively. The gas/liquid separation avoids the inflow 
of the liquid into the vacuum pumps 29, 33 as the vac- 
uum sources. Thus, it is possible to prevent the vacuum 
pumps 29, 33 from being damaged. Discharge passage 
27A, 31 A are provided for the first and second tanks 27, 

45 31 respectively. When predetermined amounts of the 
liquid are stored as detected by a water level sensor or 
the like, the liquid is discharged from the discharge pas- 
sages 27A, 31 A. 

[0039] Alternatively, a flow passage, which is different 
50 from the flow passage 22 (tank 27, valve 28, vacuum 
pump 29) connected to the liquid-absorbing member 21 
(groove 23), may be provided to make connection to the 
liquid recovery holes 46. In Fig. 5, a movement mirror 
54X, which extends in the Y axis direction, is provided 
55 attheendoftheZstage51 on the +X side. A movement 
mirror 54Y, which extends in the X axis direction, is pro- 
vided at the end on the Y side. Laser interferometers 
radiate laser beams onto the movement mirrors 54X, 
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54Y to detect the position of the substrate stage PST in 
the X axis direction and the Y axis direction. 
[0040] Next, an explanation will be made about a pro- 
cedure for exposing the substrate P with the pattern of 
the mask M by using the exposure apparatus EX de- 
scribed above. 

[0041] When the mask M is loaded on the mask stage 
MST, and the substrate P is loaded on the substrate 
stage PST, then the control unit CONT drives the liquid 
supply unit 1 and the liquid recovery unit 2 to form the 
liquid immersion portion of the liquid 50 in the space 56 
(see Fig. 1). The control unit CONT controls the illumi- 
nation optical system IL to illuminate the mask M with 
the exposure light beam EL, and the image of the pattern 
of the mask M is projected onto the substrate P through 
the projection optical system PL and the liquid 50. In this 
situation, the liquid 50, which is supplied from the liquid 
supply unit 1 , is recovered by the liquid recovery unit 2 
during the period in which the shot area disposed in the 
vicinity of the center of the substrate P is exposed. 
Therefore, the liquid 50 does not outflow to the outside 
of the substrate P. 

[0042] On the other hand, as shown in Fig. 6, when 
the edge area E of the substrate P is subjected to the 
exposure process, and the liquid immersion portion be- 
tween the projection optical system PL and the sub- 
strate P is thereby disposed in the vicinity of the edge 
area E of the substrate P, then the liquid 50 can be con- 
tinuously retained between the projection optical system 
PL and the substrate P by the aid of the auxiliary plate 
59. However, a part of the liquid 50 sometimes outflows 
to the outside of the auxiliary plate 59. The outflowed 
fluid 50 is absorbed (recovered) by the liquid-absorbing 
member 21. The control unit CONT starts the opening 
operation of the valve 28 and the driving operation of 
the pump 29 simultaneously with the start of the driving 
operation of the liquid supply unit 1 and the liquid recov- 
ery unit 2. Therefore, the liquid 50, which is recovered 
by the liquid-absorbing member 21, is sucked and col- 
lected into the first tank 27 through the flow passage 22 
and the tube passage 26 together with the surrounding 
air in accordance with the suction effected by the pump 
29 as the suction unit. 

[0043] The liquid 50, which outflows from the gap be- 
tween the substrate P and the auxiliary plate 59, is 
sucked to the side of the flow passage 22 together with 
the surrounding air through the liquid recovery holes 46 
provided on the back surface side of the substrate P. 
The liquid 50 is recovered into the first tank 27 through 
the tube passage 26. 

[0044] Further, there may be the following possibility. 
That is, the liquid 50, which enters the back surface side 
of the substrate P via the gap between the substrate P 
and the auxiliary plate 59, may inflow into the attraction 
holes 24 for attracting and holding the substrate P. As 
described above, the attraction holes 24 are connected 
to the pump 33 as the suction unit via the flow passage 
25, the tube passage 30, and the second tank 31 . There- 



fore, when the opening operation of the valve 32 and 
the driving operation of the pump 33 are performed, then 
the substrate P is attracted and held on the Z stage 51 , 
and the liquid 50, which inflows into the attraction holes 

5 24, can be collected into the second tank 3 1 through the 
flow passage 25 and the tube passage 30. That is, the 
third recovery unit, which recovers the liquid 50 inflowed 
into the attraction holes 24, includes the fluid passage 
25, the tube passage 30, the second tank 31 , the valve 

10 32, the pump 33, and the control unit CONT for control- 
ling the driving of these components. In this situation, 
the attraction holes 24 also function as liquid recovery 
holes (recovery unit) provided on the back surface side 
of the substrate P 

15 [0045] The liquid which has leaked into the back sur- 
face side of the substrate P and the gas (air) which is 
around the back surface of the substrate P inflow from 
the attraction holes 24 in the same manner as from the 
liquid recovery holes 46. However, the liquid (water) and 

20 the gas (air) are separated from each other by making 
the liquid to fall in the second tank 31 . The liquid, which 
is stored in the second tank 31, is periodically recovered, 
and thus the vacuum pump 33 as the vacuum source is 
prevented from the inflow of the liquid. Accordingly, the 

25 vacuum pump 33 is prevented from being damaged. 
[0046] When the edge area E of the substrate P is 
subjected to the exposure process, i.e., when the liquid 
immersion portion between the projection optical sys- 
tem PL and the substrate P is disposed in the vicinity of 

30 the circumferential edge of the substrate P, there is such 
a possibility that a part of the liquid 50 may outflow to 
the outside of the substrate P as described above. In 
this embodiment, the control unit CONT performs the 
following operation in order that the space between the 

35 projection optical system PL and the substrate P can be 
sufficiently filled with the liquid 50 even when the liquid 
50 outflows to the outside of the substrate P. That is, 
when the liquid immersion portion is disposed in the 
edge area E of the substrate P, the control unit CONT 

40 performs at least any one of the operation in which the 
liquid supply unit 1 is controlled to increase the liquid 
supply amount per unit time to the space 56 and the op- 
eration in which the liquid recovery unit (second recov- 
ery unit) 2 is controlled to decrease the liquid recovery 

45 amount per unit time from the space 56. In the control 
to increase the liquid supply amount or decrease the liq- 
uid recovery amount, the control unit CONT may control 
the liquid supply unit 1 and/or the liquid recovery unit 2 
on the basis of the result of the detection of the position 

50 of the substrate P performed by the laser interferometer. 
Alternatively, a detecting unit for detecting the amount 
of the recovered (outflowed) liquid may be provided, for 
example, for the first and second tanks 27, 32 or the 
tube passages 26, 30, and the liquid supply unit 1 and/ 

55 or the liquid recovery unit 2 may be controlled on the 
basis of the result of the detection performed by the de- 
tecting unit. 

[0047] The exposure apparatus EX of this embodi- 
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ment is a so-called scanning stepper. Therefore, when 
the scanning exposure is performed by moving the sub- 
strate P in the scanning direction (-X direction) indicated 
by the arrow Xa (see Fig. 3), the liquid 50 is supplied 
and recovered with the liquid supply unit 1 and the liquid 
recovery unit 2 by using the supply tube 3, the supply 
nozzles 4A to 4C, the recovery tube 4, and the recovery 
nozzles 5A, 5B. That is, when the substrate P is moved 
in the -X direction, then the liquid 50 is supplied to the 
space between the projection optical system PL and the 
substrate P from the liquid supply unit 1 by the aid of the 
supply tube 3 and the supply nozzles 4 (4A to 4C), and 
the liquid 50 is recovered to the liquid recovery unit 2 by 
the aid of the recovery nozzles 5 (5A, 5B) and the re- 
covery tube 6. The liquid 50 flows in the -X direction so 
that the space between the lens 60 and the substrate P 
is filled therewith. On the other hand, when the scanning 
exposure is performed by moving the substrate P in the 
scanning direction (+X direction) indicated by the arrow 
Xb, then the liquid 50 is supplied and recovered with the 
liquid supply unit 1 and the liquid recovery unit 2 by using 
the supply tube 10, the supply nozzles 8A to 8C, the 
recovery tube 1 1 , and the recovery nozzles 9A, 9B. That 
is, when the substrate P is moved in the +X direction, 
then the liquid 50 is supplied from the liquid supply unit 
1 to the space between the projection optical system PL 
and the substrate P by the aid of the supply tube 10 and 
the supply nozzles 8 (8A to 8C), and the liquid 50 is re- 
covered to the liquid recovery unit 2 by the aid of the 
recovery nozzles 9 (9A, 9B) and the recovery tube 11. 
The liquid 50 flows in the +X direction so that the space 
between the lens 60 and the substrate P is filled there- 
with. As described above, the control unit CONT makes 
the liquid 50 to flow in the movement direction of the 
substrate P by using the liquid supply unit 1 and the liq- 
uid recovery unit 2. In this arrangement, for example, 
the liquid 50, which is supplied from the liquid supply 
unit 1 through the supply nozzles 4, flows so that the 
liquid 50 is attracted and introduced into the space 56 
in accordance with the movement of the substrate P in 
the -X direction. Therefore, even when the supply ener- 
gy of the liquid supply unit 1 is small, the liquid 50 can 
be supplied to the space 56 with ease. When the direc- 
tion, in which the liquid 50 is made to flow, is switched 
depending on the scanning direction, then it is possible 
to fill the space between the substrate P and the tip sur- 
face 7 of the lens 60 with the liquid 50, and it is possible 
to obtain the high resolution and the wide depth of focus, 
even when the substrate P is subjected to the scanning 
in any one of the +X direction and the -X direction. 
[0048] As explained above, even when the liquid 50 
outflows to the outside of the substrate P, the outflowed 
liquid 50 is recovered by the recovery unit 20 without 
being left to stand. Therefore, the variation of the envi- 
ronment in which the substrate P is placed is sup- 
pressed, and the occurrence of the inconvenience is al- 
so suppressed, which would be otherwise caused such 
that any rust or the like appears on mechanical parts 



disposed around the substrate stage PST for supporting 
the substrate P. Therefore, the pattern can be accurately 
transferred to the substrate P, and it is possible to pro- 
duce a device having a high pattern accuracy. 

5 [0049] The liquid-absorbing member 21 is provided 
as the recovery unit 20 on the substrate stage PST, and 
thus the liquid 50 can be reliably retained (recovered) 
over a wide range. Further, the pump 29, which serves 
as the suction unit, is connected to the liquid-absorbing 

10 member 21 via the flow passage, and thus the liquid 50, 
which is absorbed by the liquid-absorbing member 21, 
is always discharged to the outside of the substrate 
stage PST. Therefore, it is possible to more reliably sup- 
press the variation of the environment in which the sub- 

15 strate P is placed, and it is possible to suppress the var- 
iation of the weight of the substrate stage PST, which 
would be otherwise caused by the liquid 50. Alternative- 
ly, the following procedure is also available. That is, the 
pump 29 is stopped during the exposure for the sub- 

20 strate, and the liquid 50, which is outflowed to the out- 
side of the substrate P, is retained, for example, by the 
liquid-absorbing member 21. The pump 29 is operated 
after the completion of the exposure for the substrate so 
that the liquid is discharged. On the other hand, the fol- 

25 (owing arrangement is also available. That is, the liquid 
50, which is recovered by the liquid-absorbing member 
21, is discharged in an untreated manner toward the 
tank 27 in accordance with the self-weight without pro- 
viding the pump 29. Further, the following arrangement 

30 is also available. That is, the pump 29, the tank 27, and 
the flow passage are not provided, and only the liquid- 
absorbing member 21 is arranged on the substrate 
stage PST. The liquid-absorbing member 21 , which has 
absorbed the liquid 50, is exchanged periodically (for ex- 

35 ample, for every one lot). In this arrangement, the weight 
of the substrate stage PST is varied by the liquid 50. 
However, the stage positioning accuracy can be main- 
tained by changing the stage control parameter depend- 
ing on the weight of the liquid 50 recovered by the liquid- 

40 absorbing member 21 . 

[0050] The tanks 27, 31, which are used to separate 
the liquid (water) and the gas (air) from each other, are 
provided at the upstream of the vacuum pumps 29, 33 
to avoid any inflow of the liquid into the vacuum pumps 

45 29, 33. Therefore, the vacuum pumps 29, 33 can be pre- 
vented from being broken down and damaged. 
[0051] The vacuum pumps 29, 33 in the embodiment 
described above may be arranged in the exposure ap- 
paratus EX. Alternatively, it is also allowable to use 

50 those installed in a factory in which the exposure appa- 
ratus EX is installed. In the embodiment described 
above, the tank, which is used to separate the liquid (wa- 
ter) and the gas (air) from each other, is provided for the 
vacuum system of the recovery unit 20 (at the upstream 

55 of the vacuum pump) for recovering the liquid outflowed 
to the outside of the substrate P and for the vacuum sys- 
tem for attracting and holding the substrate P. However, 
there is no limitation thereto in relation to the installation 
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of the mechanism (for example, the tank for recovering 
the liquid) for separating the liquid (water) and the gas 
(air) from each other. Such a mechanism may be pro- 
vided in the suction system (vacuum system) connected 
to any other suction port for which it is feared that the 5 
liquid may make any inflow. For example, such a mech- 
anism may be arranged in a gas recovery system (suc- 
tion system) for a gas bearing, a suction system for at- 
tracting and holding the substrate P on a substrate 
transport arm, or a suction system for detachably at- 10 
tracting and holding a substrate-holding member on the 
substrate stage. The gas recovery system (suction sys- 
tem) for the gas bearing is disclosed, for example, in 
Japanese Patent Application Laid-open No. 11-166990, 
the suction system for attracting and holding the sub- is 
strate P on the substrate transport arm is disclosed, for 
example, in Japanese Patent Application Laid-open No. 
6-181157, and the suction system for detachably attract- 
ing and holding the substrate-holding member on the 
substrate stage is disclosed, for example, in Japanese 20 
Patent Application Laid-open No. 10-116760. The con- 
tents of the descriptions in these documents are incor- 
porated herein by reference within a range of permission 
of the domestic laws and ordinances of the state desig- 
nated or selected in this international application. In this 25 
embodiment, the mechanism, which includes, for exam- 
ple, the tank for separating the liquid (water) and the gas 
(air) from each other, is applied to the exposure appa- 
ratus in which the substrate P is subjected to the expo- 
sure while forming the liquid immersion portion in a part so 
of the area on the substrate P. However, the present in- 
vention is also applicable to an exposure apparatus in 
which a substrate stage is moved in a liquid tank, and 
an exposure apparatus in which a liquid tank is formed 
on a substrate stage and a substrate is held therein. The 35 
structure and the exposure operation of the exposure 
apparatus in which the substrate stage is moved in the 
liquid tank are disclosed, for example, in Japanese Pat- 
ent Application Laid-open No. 6-124873, and the expo- 
sure apparatus in which the liquid tank is formed on the *o 
substrate stage and the substrate is held therein is dis- 
closed, for example, in Japanese Patent Application 
Laid-open No. 10-303114 (corresponding to United 
States Patent No. 5,825,043). The contents of the de- 
scriptions in these documents are incorporated herein 45 
by reference within a range of permission of the domes- 
tic laws and ordinances of the state designated or se- 
lected in this international application. 
[0052] In the embodiment described above, the liquid- 
absorbing member 21 is formed to have the annular 50 
form which continues to surround the entire circumfer- 
ence of the substrate P. However, the liquid-absorbing 
member 21 may be arranged at a part of the circumfer- 
ence of the substrate P. Alternatively, the liquid-absorb- 
ing member 21 may be arranged discontinuously at pre- 55 
determined intervals. In this embodiment, the liquid-ab- 
sorbing member 21 is formed to have the annular form. 
However, the shape of the liquid-absorbing member 21 



may be, for example, rectangular, which may be arbi- 
trarily designed. 

[0053] The arrangement of the liquid supply unit 1 and 
the liquid recovery unit 2 and the arrangement of the 
nozzles are not limited to those described in the forego- 
ing embodiment. It is not necessarily indispensable that 
the liquid supply unit 1 and the liquid recovery unit 2 are 
operated concurrently during the exposure for the sub- 
strate P. Any one of them may be stopped or both of 
them may be stopped provided that the optical path for 
the exposure light beam; which is disposed between the 
projection optical system PL and the substrate P, is filled 
with the liquid 50. 

[0054] As described above, pure water is used as the 
liquid 50 in this embodiment. Pure water is advanta- 
geous in that pure water is available in a large amount 
with ease, for example, in the semiconductor production 
factory, and pure water exerts no harmful influence, for 
example, on the optical element (lens) and the photore- 
sist on the substrate P. Further, pure water exerts no 
harmful influence on the environment, and the content 
of impurity is extremely low. Therefore, it is also expect- 
ed to obtain the function to wash the surface of the sub- 
strate P and the surface of the optical element provided 
at the tip surface of the projection optical system PL. 
[0055] It is approved that the refractive index n of pure 
water (water) with respect to the exposure light beam 
EL having a wavelength of about 193 nm is approxi- 
mately in an extent of 1 .44 to 1 .47. When the ArF exci- 
mer laser beam (wavelength: 193 nm) is used as the 
light source of the exposure light beam EL, then the 
wavelength is shortened on the substrate P by 1/n, i.e., 
to about 131 to 134 nm, and a high resolution is ob- 
tained. Further, the depth of focus is magnified about n 
times, i.e., about 1.44 to 1.47 times as compared with 
the value obtained in the air. Therefore, when it is 
enough to secure an approximately equivalent depth of 
focus as compared with the case of the use in the air, it 
is possible to further increase the numerical aperture of 
the projection optical system PL. Also in this viewpoint, 
the resolution is improved. 

[0056] In this embodiment, the lens 60 is attached to 
the tip of the projection optical system PL. However, the 
optical element, which is attached to the tip of the pro- 
jection optical system PL, may be an optical plate which 
is usable to adjust the optical characteristics of the pro- 
jection optical system PL, for example, the aberration 
(for example, spherical aberration and comatic aberra- 
tion). Alternatively, the optical element may be a parallel 
plane plate through which the exposure light beam EL 
is transmissive. When the optical element, which makes 
contact with the liquid 50, is the parallel plane plate 
which is cheaper than the lens, it is enough that merely 
the parallel plane plate is exchanged immediately be- 
fore supplying the liquid 50 even when any substance 
(for example, any silicon-based organic matter), which 
deteriorates the transmittance of the projection optical 
system PL, the illuminance of the exposure light beam 
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EL on the substrate P, and the uniformity of the illumi- 
nance distribution, is adhered to the parallel plane plate, 
for example, during the transport, the assembling, and/ 
or the adjustment of the exposure apparatus EX. An ad- 
vantage is obtained such that the exchange cost is low- 
ered as compared with the case in which the optical el- 
ement to make contact with the liquid 50 is the lens. That 
is, the surface of the optical element to make contact 
with the liquid 50 is dirtied, for example, due to the ad- 
hesion of scattered particles generated from the resist 
by being irradiated with the exposure light beam EL or 
any impurity contained in the liquid 50. Therefore, it is 
necessary to periodically exchange the optical element. 
However, when the optical element is the cheap parallel 
plane plate, then the cost of the exchange part is low as 
compared with the lens, and it is possible to shorten the 
time required for the exchange. Thus, it is possible to 
suppress the increase in the maintenance cost (running 
cost) and the decrease in the throughput. 
[0057] When the pressure, which is generated by the 
flow of the liquid 50, is large between the substrate P 
and the optical element disposed at the tip of the pro- 
jection optical system PL, it is also allowable that the 
optical element is tightly fixed so that the optical element 
is not moved by the pressure, rather than allowing the 
optical element to be exchangeable. 
[0058] The liquid 50 is water in the embodiment de- 
scribed above. However, the liquid 50 may be any liquid 
other than water. For example, when the light source of 
the exposure light beam EL is the F 2 laser, the F 2 laser 
beam is not transmitted through water. Therefore, in this 
case, those preferably usable as the liquid 50 may in- 
clude, for example, fluorine-based liquids such as fluo- 
rine-based oil and fluoropolyether (PFPE) through 
which the F 2 laser beam is transmissive. Alternatively, 
other than the above, it is also possible to use, as the 
liquid 50, those (for example, cedar oil) which have the 
transmittance with respect to the exposure light beam 
EL, which have the refractive index as high as possible, 
and which are stable against the photoresist applied to 
the surface of the substrate P and the projection optical 
system PL. 

Second Embodiment 

[0059] Next, an explanation will be made with refer- 
ence to Fig. 7 about another embodiment of the expo- 
sure apparatus EX of the present invention. In the fol- 
lowing description, the same or equivalent constitutive 
parts as those of the embodiment described above are 
designated by the same reference numerals, any expla- 
nation of which is simplified or omitted. The character- 
istic features of this embodiment are that a liquid recov- 
ery groove 35 is provided around the substrate P in 
place of the liquid-absorbing member21 as the recovery 
unit and that the substrate stage PST and the tube pas- 
sage 26 are connectable to one another and separable 
from each other. 



[0060] With reference to Fig. 7, the recovery unit 20 
includes the liquid recovery groove 35 which has a pre- 
determined width and which is formed around the aux- 
iliary plate 59 on the Z stage 51. A connecting valve 36 
5 is provided at the end of the flow passage 22. On the 
other hand, a connecting valve 37, which is connectable 
and separable with respect to the connecting valve 36, 
is provided at the end of the tube passage 26. In a state 
in which the connecting valves 36, 37 are separated 

10 from each other, the end of the flow passage 22 is closed 
so that the fluid 50 does not outflow to the outside of the 
stage. On the other hand, when the connecting valves 
36, 37 are connected to each other, then the end of the 
flow passage 22 is opened, and the liquid 50 in the flow 

15 passage 22 can flow to the tube passage 26. 

[0061] During the exposure process, the connecting 
valve 36 is separated from the connecting valve 37. 
Therefore, the substrate stage PST is in a state of being- 
separated from the tube passage 26 during the expo- 

20 sure process. Therefore, it is possible to smoothly per- 
form the movement in the scanning direction (scanning 
movement) and the movement in the non-scanning di- 
rection (stepping movement). The liquid 50, which out- 
flows to the outside of the substrate P during the expo- 

25 sure process, is pooled or stored in the liquid recovery 
groove 35 and the flow passage 22. 
[0062] When the exposure process is completed, the 
substrate stage PST is moved to the exchange position 
for the substrate P (load/unload position). The connect- 

30 ing valves 36, 37 are connected to each other at the sub- 
strate exchange position. When the connecting valves 
36, 37 are connected to each other, then the control unit 
CONT opens the valve 28, and the control unit CONT 
drives the pump 29. Accordingly, the liquid 50, which has 

35 been recovered by the liquid recovery groove 35 as the 
recovery unit, is discharged to the outside of the stage 
at the substrate exchange position. 
[0063] This embodiment is constructed such that the 
liquid 50 recovered by the liquid recovery groove 35 is 

<o discharged to the outside of the stage periodically (for 
example, for every one lot). Therefore, the liquid recov- 
ery groove 35 is designed to have, for example, a size 
(volume) of such an extent that the liquid, which corre- 
sponds to the amount of outflow of one lot, can be re- 

45 tained. In this arrangement, the relationship between a 
predetermined number of the substrates to be subjected 
to the exposure process (i.e., corresponding to one lot) 
and the amount of the liquid to be outflowed is previously 
determined. The size of the liquid recovery groove 35 is 

50 set on the basis of the determined relationship. Further, 
the time interval for connecting the connecting valves 
36, 37 (i.e., the timing to perform the operation for dis- 
charging the liquid to the outside of the stage) is set on 
the basis of the determined relationship described 

55 above. 

[0064] In the embodiment described above, the liquid 
recovery groove 35 is formed to have the annular form 
which continues to surround the entire circumference of 
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the substrate P. However, the liquid recovery groove 35 
may be arranged at a part of the circumference of the 
substrate P. Alternatively, the liquid recovery groove 35 
may be arranged discontinuously at predetermined in- 
tervals. In this embodiment, the liquid recovery groove 5 
35 is formed to have the annular form. However, the 
shape of the liquid recovery groove 35 may be, for ex- 
ample, rectangular, which may be arbitrarily designed. 
Further, the liquid-absorbing member may be arranged 
in the liquid recovery groove 35. 10 
[0065] In the respective embodiments described 
above, the auxiliary plate 59 is provided at the outside 
of the substrate P. However, the liquid-absorbing mem- 
ber 21 and/or the liquid recovery groove 35 may be pro- 
vided at the position in the vicinity of the outer circum- 15 
ference of the substrate P without providing the auxiliary 
plate 59. 

[0066] The embodiment described above adopts the 
exposure apparatus in which the space between the 
projection optical system PL and the substrate P is lo- 20 
cally filled with the liquid. However, the recovery mech- 
anism of the present invention, which recovers the liquid 
inflowed into the attraction holes for attracting and hold- 
ing the substrate P as disclosed in Figs. 6 and 7, is also 
applicable to the liquid immersion exposure apparatus 25 
in which the stage for holding the exposure objective 
substrate is moved in the liquid tank and the liquid im- 
mersion exposure apparatus in which the liquid tank 
having the predetermined depth is formed on the stage 
and the substrate is held therein. As described above, 30 
the structure and the exposure operation of the liquid 
immersion exposure apparatus in which the stage hold- 
ing the exposure objective substrate is moved in the liq- 
uid tank are disclosed, for example, in Japanese Patent 
Application Laid-open No. 6-124873, and the structure 35 
and the exposure operation of the liquid immersion ex- 
posure apparatus in which the liquid tank having the pre- 
determined depth is formed on the substrate stage and 
the substrate is held therein are disclosed, for example, 
in Japanese Patent Application Laid-open No. <o 
10-303114 (corresponding to United States Patent No. 
5,825,043). 

Third Embodiment 

45 

[0067] An explanation will be made below with refer- 
ence to Figs. 8 to 10 about another embodiment of the 
recovery unit. 

[0068] As shown in Fig. 8, the upper surface of the Z 
stage 51 is inclined, and the upper surface of the holder 50 
57 for holding the substrate P is horizontal. A liquid re- 
covery groove 35 is formed to surround the circumfer- 
ence of the holder 57. In this arrangement, the liquid 
recovery groove 35 is annular as viewed in a plan view, 
but the liquid recovery groove 35 is inclined as viewed 55 
in a side view. That is, the liquid recovery groove 35 is 
arranged along the inclination of the upper surface of 
the Z stage 51 . Accordingly, the liquid 50, which outflows 



to the outside of the substrate P, is spontaneously 
pooled at an inclined lower section 35A of the liquid re- 
covery groove 35. Accordingly, it is easy to perform the 
recovery operation for recovering liquid 50 by recover- 
ing only the liquid 50 pooled at the inclined lower section 
35A. 

[0069] As shown in Fig. 9(a), the liquid recovery 
groove 35 is provided at a part of the upper surface of 
the Z stage 51. When the exposure process is per- 
formed, the liquid 50 is pooled in the liquid recovery 
groove 35. As shown in Fig. 9(b), the liquid 50, which is 
pooled in the liquid recovery groove 35, is recovered 
through a tube 38 which is attached to a transport unit 
H for loading/unloading the substrate P with respect to 
the substrate stage PST A tube 38, which constitutes a 
part of the suction unit, sucks the liquid 50 pooled in the 
liquid recovery groove 35 when the transport unit H 
makes the access with respect to the substrate stage 
PST in order that the substrate P, for which the exposure 
process has been completed, is unloaded from the sub- 
strate stage PST. 

Fourth Embodiment 

[0070] An explanation will be made below about still 
another embodiment of the recovery unit. As shown in 
Fig. 10(a), the liquid recovery groove 35 is provided on 
the upper surface of the Z stage 51 . The liquid recovery 
groove 35 is connected to a flow passage 39 which pen- 
etrates to the lower surface side of the Z stage 51. A 
valve 39A is provided in the flow passage 39. Flow pas- 
sages 40, 41 as through-holes are formed through the 
XY stage 52 and the base 53 respectively correspond- 
ing to the flow passage 39 of the Z stage 51 . The valve 
39A is closed during the exposure process, and the liq- 
uid 50 is pooled in the liquid recovery groove 35 as 
shown in Fig. 10(a). When the exposure process is com- 
pleted, then the control unit CONT moves the substrate 
stage PST to the substrate exchange position, and the 
valve 39A is opened. Accordingly, as shown in Fig. 10 
(b), the liquid 50 contained in the liquid recovery groove 
35 is discharged to the outside of the stage in accord- 
ance with the self-weight at the substrate exchange po- 
sition through the flow passages 39, 40, 41 . It is prefer- 
able that the liquid 50 contained in the liquid recovery 
groove 35 is recovered at the substrate exchange posi- 
tion. However, it is also allowable that the discharge op- 
eration is performed at any positions other than the sub- 
strate exchange position. 

Fifth Embodiment 

[0071] In the respective embodiments described 
above, the liquid immersion area is formed on a part of 
the substrate P such that the liquid supply unit 1 supplies 
the liquid 50 onto the substrate P above the substrate 
P (from above the substrate P) by the aid of the supply 
nozzles 4, and the liquid recovery unit 2 as the second 
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recovery unit recovers the liquid 50 disposed on the sub- 
strate P above the substrate P by the aid of the recovery 
nozzles 5. However, as shown in Fig. 11, almost all of 
the liquid 50 supplied onto the substrate P may be re- 
covered by using the recovery unit 20 provided in the 5 
substrate stage PST, without providing the liquid recov- 
ery unit 2 (recovery nozzles 5) above the substrate P. 
Fig. 1 1 shows the supply nozzles 4, 8 which are provided 
on the both sides of the projection area (optical element 
60) of the projection optical system PL, so that the pro- 10 
jection area 60 is intervened between the supply noz- 
zles 4, 8 in the scanning direction. When the liquid 50 is 
supplied in order to perform the scanning exposure for 
the substrate P, then the liquid 50 may be supplied from 
any one of the supply nozzles of the supply nozzles 4, 15 
8, depending on the direction of movement of the sub- 
strate P or the liquid 50 may be supplied simultaneously 
from the both supply nozzles 4, 8. The liquid 50, which 
is supplied from the liquid supply unit 1 , is widely spread 
on the substrate P, making it possible to form a large 20 
liquid immersion area. As shown in a perspective view 
of Fig. 12, the liquid 50 supplied onto the substrate P 
outflows to the outside of the substrate P soon. Howev- 
er, almost all of the liquid 50 is recovered by the recovery 
unit 20 having the groove 23 (liquid-absorbing member 25 
21) provided as the recovery port around the substrate 
P. In this arrangement, the liquid immersion area can be 
formed on the substrate P in a well-suited manner by 
continuing the supply of the liquid 50 onto the substrate 
P by the liquid supply unit 1 during the exposure process 30 
for the substrate P. Further, it is possible to create the 
flow of the fluid 50 on the substrate P owing to the sup- 
plied liquid 50. Therefore, it is possible to always supply 
the flesh (clean) liquid 50 onto the substrate P, and it is 
possible to make the liquid 50 on the substrate P to flow 35 
to arrive at the groove 23. 

[0072] The liquid recovery unit 2 as the second liquid 
recovery unit is constructed such that the liquid 50 on 
the substrate P is sucked and recovered by using the 
vacuum system above the substrate P by the aid of the *o 
recovery nozzles 5. The liquid (water) and the gas (air) 
are recovered together. Therefore, the liquid hits, for ex- 
ample, against the inner wall of the recovery tube 6, and 
the sound and/or the vibration appears in some cases. 
In such a situation, as in the embodiment shown in Figs. 45 
11 and 12, the liquid 50 is recovered by using only the 
recovery unit 20 provided for the substrate stage PST 
without performing the suction and recovery above the 
substrate P. Accordingly, it is possible to avoid the oc- 
currence of the sound and the vibration during the ex- 50 
posure for the substrate P. 

[0073] In the case of this embodiment in which the liq- 
uid is not recovered above the substrate P, the mecha- 
nism shown in Fig. 7 in the second embodiment may be 
used as the recovery unit 20. In the case of Fig. 7, the 55 
vacuum pump 29 does not suck the liquid recovered by 
the liquid recovery groove 35 during the exposure for 
the substrate P. Therefore, it is also possible to suppress 



the occurrence of the sound and the vibration associat- 
ed with the suction of the liquid, which is more effective. 
[0074] Further, the following procedure is also availa- 
ble as in the embodiment explained above. That is, the 
liquid recovery unit 2, which recovers the liquid through 
the recovery nozzles 5 above the substrate P, is ar- 
ranged. The liquid is recovered by using only the recov- 
ery unit 20 without operating the liquid recovery unit 2 
during the exposure for the substrate P. The liquid 50 is 
recovered by using the liquid recovery unit 2 and the 
recovery unit 20 in combination after the completion of 
the exposure for the substrate P. Also in this case, it is 
possible to suppress the influence of the sound and the 
vibration associated with the suction (recovery) of the 
liquid during the exposure for the substrate P. 
[0075] The substrate P, which is usable in the respec- 
tive embodiments described above, is not limited to the 
semiconductor wafer for producing the semiconductor 
device. Those applicable include, for example, the glass 
substrate for the display device, the ceramic wafer for 
the thin film magnetic head, and the master plate (syn- 
thetic quartz, silicon wafer) for the mask or the reticle to 
be used for the exposure apparatus. 
[0076] As for the exposure apparatus EX, the present 
invention is also applicable to the scanning type expo- 
sure apparatus (scanning stepper) based on the step- 
and-scan system for performing the scanning exposure 
for the pattern of the mask M by synchronously moving 
the mask M and the substrate P as well as the projection 
exposure apparatus (stepper) based on the step-and- 
repeat system for performing the full field exposure for 
the pattern of the mask M in a state in which the mask 
M and the substrate P are made to stand still, while suc- 
cessively step-moving the substrate P. The present in- 
vention is also applicable to the exposure apparatus 
based on the step-and-stitch system in which at least 
two patterns are partially overlaid and transferred on the 
substrate P. 

[0077] As for the type of the exposure apparatus EX, 
the present invention is not limited to the exposure ap- 
paratus for the semiconductor production apparatus for 
exposing the substrate P with the semiconductor device 
pattern. The present invention is also widely applicable, 
for example, to the exposure apparatus for producing 
the liquid crystal display device or for producing the dis- 
play as well as the exposure apparatus for producing, 
for example, the thin film magnetic head, the image pick- 
up device (CCD), the reticle, or the mask. 
[0078] The present invention is also applicable to a 
twin-stage type exposure apparatus. The structure and 
the exposure operation of the twin-stage type exposure 
apparatus are disclosed, for example, in documents of 
Japanese Patent Application Laid-open Nos. 
10-163099 and 10-214783, Published Japanese trans- 
lation of PCT International Publication for Patent Appli- 
cation No. 2000-505958, and United States Patent Nos. 
6,341,007, 6,400,441, 6,549,269, and 6,590,634. Ref- 
erence may be made thereto. These United States Pat- 
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ents are incorporated herein by reference within a range 
of permission of the domestic laws and ordinances of 
the state designated or selected in this international ap- 
plication. 

[0079] When the linear motor is used for the substrate 
stage PST and/or the mask stage MST, it is allowable 
to use any one of those of the air floating type based on 
the use of the air bearing and those of the magnetic float- 
ing type based on the use of the Lorentz's force or the 
reactance force. Each of the stages PST, MST may be 
either of the type in which the movement is effected 
along the guide or of the guideless type in which no 
guide is provided. An example of the use of the linear 
motor for the stage is disclosed in United States Patent 
Nos. 5,623,853 and 5,528,118. The contents of the de- 
scriptions in the documents are incorporated herein by 
reference respectively within a range of permission of 
the domestic laws and ordinances of the state designat- 
ed or selected in this international application. 
[0080] As for the driving mechanism for each of the 
stages PST, MST, it is also allowable to use a plane mo- 
tor in which a magnet unit provided with two-dimension- 
ally arranged magnets and an armature unit provided 
with two-dimensionally arranged coils are opposed to 
each other, and each of the stages PST, MST is driven 
by the electromagnetic force. In this arrangement, any 
one of the magnet unit and the armature unit is connect- 
ed to the stage PST, MST, and the other of the magnet 
unit and the armature unit is provided on the side of the 
movable surface of the stage PST, MST. 
[0081] The reaction force, which is generated in ac- 
cordance with the movement of the substrate stage 
PST, may be mechanically released to the floor (ground) 
by using a frame member so that the reaction force is 
not transmitted to the projection optical system PL. The 
method for handling the reaction force is disclosed in 
detail, for example, in United States Patent No. 
5,528,118 (Japanese Patent Application Laid-open No. 
8-166475). The contents of the descriptions in the doc- 
uments are incorporated herein by reference within a 
range of permission of the domestic laws and ordinanc- 
es of the state designated or selected in this internation- 
al application. 

[0082] The reaction force, which is generated in ac- 
cordance with the movement of the mask stage MST, 
may be mechanically released to the floor (ground) by 
using a frame member so that the reaction force is not 
transmitted to the projection optical system PL. The 
method for handling the reaction force is disclosed in 
detail, for example, in United States Patent No. 
5,874,820 (Japanese Patent Application Laid-open No. 
8-330224). The contents of the descriptions in the doc- 
uments are incorporated herein by reference within a 
range of permission of the domestic laws and ordinanc- 
es of the state designated or selected in this internation- 
al application. 

[0083] As described above, the exposure apparatus 
EX according to the embodiment of the present inven- 



tion is produced by assembling the various subsystems 
including the respective constitutive elements as de- 
fined in claims so that the predetermined mechanical ac- 
curacy, the electric accuracy, and the optical accuracy 

5 are maintained. In order to secure the various accura- 
cies, those performed before and after the assembling 
include the adjustment for achieving the optical accura- 
cy for the various optical systems, the adjustment for 
achieving the mechanical accuracy for the various me- 

10 chanical systems, and the adjustment for achieving the 
electric accuracy for the various electric systems. The 
steps of assembling the various subsystems into the ex- 
posure apparatus include, for example, the mechanical 
connection, the wiring connection of the electric circuits, 

15 and the piping connection of the air pressure circuits in 
correlation with the various subsystems. It goes without 
saying that the steps of assembling the respective indi- 
vidual subsystems are performed before performing the 
steps of assembling the various subsystems into the ex- 

20 posure apparatus. When the steps of assembling the 
various subsystems into the exposure apparatus are 
completed, the overall adjustment is performed to se- 
cure the various accuracies as the entire exposure ap- 
paratus. It is desirable that the exposure apparatus is 

25 produced in a clean room in which, for example, the tem- 
perature and the cleanness are managed. 
[0084] As shown in Fig. 13, the microdevice such as 
the semiconductordevice is produced by performing, for 
example, a step 201 of designing the function and the 

30 performance of the microdevice, a step 202 of manufac- 
turing a mask (reticle) based on the designing step, a 
step 203 of producing a substrate as a base material for 
the device, an exposure process step 204 of exposing 
the substrate with a pattern of the mask by using the 

35 exposure apparatus EX of the embodiment described 
above, a step 205 of assembling the device (including 
a dicing step, a bonding step, and a packaging step), 
and an inspection step 206. 



[0085] According to the present invention, even when 
the liquid outflows, the liquid is recovered by the recov- 
ery unit without being left to stand. Therefore, it is pos- 
45 sible to avoid the inconvenience resulting from the out- 
flowed liquid, and it is possible to produce the device 
having the high pattern accuracy. 



50 Claims 

1 . An exposure apparatus for exposing a substrate by 
transferring an image of a pattern through a liquid 
onto the substrate, comprising: 

55 

a projection optical system which projects the 
image of the pattern onto the substrate; and 
a recovery unit which recovers the liquid out- 
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flowed to outside of the substrate. 

2. The exposure apparatus according to claim 1, fur- 
ther comprising a substrate stage which holds the 
substrate, wherein the recovery unit has a recovery 
section which is provided on the substrate stage. 

3. The exposure apparatus according to claim 2, 
wherein the recovery section of the recovery unit is 
arranged at least a part of a surrounding portion of 
a holding section which holds the substrate provid- 
ed on the substrate stage. 

4. The exposure apparatus according to claim 2, 
wherein the recovery section of the recovery unit 
includes a liquid-absorbing member which is ar- 
ranged on the substrate stage. 

5. The exposure apparatus according to claim 4, 
wherein the liquid-absorbing member includes a 
porous member. 

6. The exposure apparatus according to claim 2, 
wherein the recovery section of the recovery unit 
includes a liquid recovery groove which is arranged 
on the substrate stage. 

7. The exposure apparatus according to claim 2, 
wherein the recovery section of the recovery unit 
includes a recovery hole which is provided in the 
substrate stage. 

8. The exposure apparatus according to claim 2, 
wherein the recovery unit recovers the liquid which 
has leaked into a back surface side of the substrate 
held by the substrate stage. 

9. The exposure apparatus according to claim 2, 
wherein the recovery unit discharges the liquid re- 
covered by the recovery section when the substrate 
stage arrives at a substrate exchange position. 

10. The exposure apparatus according to claim 2, fur- 
ther comprising an suction unit which sucks the liq- 
uid recovered by the recovery section of the recov- 
ery unit. 

11. The exposure apparatus according to claim 2, fur- 
ther comprising a tank which collects the liquid re- 
covered by the recovery section of the recovery 
unit. 

12. The exposure apparatus according to claim 1, fur- 
ther comprising a supply unit which supplies the liq- 
uid to a space between the projection optical sys- 
tem and the substrate, wherein the supply unit in- 
creases an amount of supply of the liquid when a 
liquid immersion portion, which is disposed be- 



tween the projection optical system and the sub- 
strate, is located in the vicinity of a circumferential 
edge of the substrate. 

5 13. The exposure apparatus according to claim 1, fur- 
ther comprising a second recovery unit which re- 
covers the liquid on the substrate, wherein the sec- 
ond recovery unit decreases an amount of recovery 
of the liquid when a liquid immersion portion, which 

10 is disposed between the projection optical system 
and the substrate, is located in the vicinity of a cir- 
cumferential edge of the substrate. 

14. The exposure apparatus according to claim 1, 

15 wherein the substrate stage, which holds the sub- 
strate, has an attraction hole which is provided to 
attract and hold the substrate, and the substrate 
stage includes a third recovery unit which recovers 
the liquid outflowed to the outside of the substrate 

20 and inflowed into the attraction hole. 

15. The exposure apparatus according to claim 14, 
wherein the third recovery unit includes a separator 
which separates the liquid from any gas inflowed 

25 from the attraction hole. 

16. The exposure apparatus according to claim 1, 
wherein the recovery unit includes a separator 
which separates the recovered liquid from any gas 

30 recovered together with the liquid. 

17. The exposure apparatus according to claim 1, fur- 
ther comprising a second recovery unit which re- 
covers the liquid on the substrate above the sub- 

35 strate. 

18. The exposure apparatus according to claim 1, fur- 
ther comprising a liquid supply unit which supplies 
the liquid onto the substrate above the substrate, 

40 wherein almost all of the liquid supplied onto the 
substrate is recovered by the recovery unit. 

19. An exposure apparatus for exposing a substrate by 
transferring an image of a pattern through a liquid 

45 onto the substrate, comprising: 

a projection optical system which projects the 
image of the pattern onto the substrate; 
a liquid supply mechanism which supplies the 
50 liquid above the substrate; and 

a recovery unit which recovers the liquid sup- 
plied from the liquid supply mechanism, 

wherein the recovery unit does not perform 
55 the recovering above the substrate. 

20. An exposure apparatus for exposing a substrate by 
transferring an image of a pattern through a liquid 
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onto the substrate, comprising: 

a projection optica! system which projects the 
image of the pattern onto the substrate; 
a suction system which has a suction port; and 5 
a recovery unit which recovers the liquid 
sucked through the suction port. 



wherein the recovery unit has a separator which 
separates any gas from the recovered liquid. 

31. The exposure apparatus according to claim 24, 
wherein the liquid, which is recovered by the recov- 
ery unit, is discharged when the substrate stage is 
moved to a predetermined position. 



21. The exposure apparatus according to claim 20, 
wherein the recovery unit separates any gas from 
the liquid sucked through the suction port. 

22. The exposure apparatus according to claim 20, 
wherein the suction port is provided to hold an ob- 
ject at a predetermined position. 

23. The exposure apparatus according to claim 22, fur- 
ther comprising a substrate stage, wherein the ob- 
ject is the substrate, and the suction port is provided 
on the substrate stage to attract and hold the sub- 
strate. 



32. The exposure apparatus according to claim 31 , 

10 wherein the predetermined position includes a sub- 
strate exchange position. 

33. The exposure apparatus according to claim 24, fur- 
ther comprising an interferometer mirror which is 

15 provided on the substrate stage, wherein a liquid 
recovery section of the recovery unit is arranged 
close to the interferometer mirror. 

34. A method for producing a device, characterized by 
20 using the exposure apparatus as defined in any one 

of claims 1, 19, 20, and 24. 



24. An exposure apparatus for exposing a substrate by 
transferring an image of a pattern through a liquid 
onto the substrate, comprising: 

a projection optical system which projects the 
image of the pattern onto the substrate; 
a substrate stage which holds the substrate; 
and 

a recovery unit which recovers the liquid and at 
least a part of which is provided on the sub- 
strate stage. 

25. The exposure apparatus according to claim 24, 
wherein the recovery unit recovers the liquid which 
has leaked into a back surface side of the substrate. 

26. The exposure apparatus according to claim 24, 
wherein the recovery unit has a recovery section 
disposed on an upper surface of the substrate 
stage. 



35. An exposure method for exposing a substrate by 
transferring an image of a predetermined pattern 

25 onto the substrate with a projection optical system, 
comprising: 

supplying a liquid above the substrate to a 
space between the projection optical system 

30 and the substrate; 

recovering the supplied liquid from a position 
which is outside the substrate and which is low- 
er than that of the substrate; and 
exposing the substrate during a period in which 

35 the liquid is supplied and recovered. 

36. The exposure method according to claim 35, further 
comprising recovering the supplied liquid above the 
substrate. 

40 



27. The exposure apparatus according to claim 26, 
wherein the substrate stage has a holding section 45 
which holds the back surface of the substrate, and 

the recovery unit has another recovery section dis- 
posed at the holding section. 

28. The exposure apparatus according to claim 24, 50 
wherein the recovery unit includes a liquid-absorb- 
ing member. 

29. The exposure apparatus according to claim 24, 
wherein the recovery unit has a groove portion 55 
which is provided on the substrate stage. 

30. The exposure apparatus according to claim 24, 
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